Conflicting reports have been published regarding the influence of angiotensin receptor blockers (ARBs) on the incidence of cancer. One meta-analysis reported a 1% absolute increase in the incidence of cancer associated with ARBs over 4 years. Contrasting findings were reported in an industry-sponsored meta-analysis and in another meta-analysis, both of which showed no difference in the incidence of cancer in ARB treatment groups relative to control groups. The US Food and Drug Administration has recently asserted that evidence does not support an association between ARBs and the development of cancer. The current review compares the 3 published meta-analyses assessing the association between ARBs and cancer and shows that outcome reporting bias contributed to the conflicting results. Given the prevalence of this form of bias in the scientific literature, the processes for systematic reviews and meta-analyses are under siege, and there is an important role for health care regulators to play. If all outcome data from clinical trials were to be reported in the public domain, independent analyses could be performed and the results of industry-sponsored trials verified. Furthermore, if regulators were to mandate the publication, in the public domain, of all clinical outcomes collected in clinical trials, outcome reporting bias could be eliminated. 
INTRODUCTION

W
ithin the past couple of years, several publications have reached conflicting conclusions as to whether angiotensin receptor blockers (ARBs) increase the incidence of cancer. The first indication that these drugs may have this effect was an incidental finding of the CHARM trial, a randomized controlled trial (RCT) comparing candesartan and placebo in the treatment of heart failure, published in 2003. 1 The CHARM Investigators found greater cancer mortality in the ARB treatment group: 86 (2.3%) versus 59 (1.6%) (odds ratio [OR] 1.45, 95% confidence interval [CI] 1.04-2.02). 1 Subsequently, 3 meta-analyses have been published pooling different combinations of outcome data (see publication timeline in Figure 1 ). In June 2010, Sipahi and others 2 published a meta-analysis of 5 trials, with a total of 61 590 patients, implicating ARBs as a class associated with an increased incidence of cancer (OR 1.08, 95% CI 1.01-1.15) over an average 4-year follow-up . In April 2011, another metaanalysis, covering 15 trials with a total of 134 000 patients and published by the ARB Trialists Collaboration (ATC), reported no statistically significant difference in the incidence of cancer in the ARB treatment group (OR 1.00, 95% CI 0.95-1.04). 3 Earlier that year, in January 2011, Bangalore and others 4 published an analysis of the risk of cancer associated with all antihypertensive drug classes. That analysis included 14 RCTs with a total of 99 775 patients and concluded that there was no increased risk of cancer in the ARB treatment group (OR 0.98, 95% CI 0.93-1.03). In June 2011, the US Food and Drug Administration (FDA) published its own in-house metaanalysis, which encompassed 31 trials and more than 155 000 patients, the largest yet. The FDA analysis eliminated ARBs as a factor increasing the risk of cancer (relative risk 0.99, 95% CI 0.92-1.06). 5 This array of contradictory evidence prompted the current investigation into the differences among these meta-analyses.
The underlying physiologic mechanism by which ARBs may increase the incidence of cancer has been described from in vitro investigations. There are 2 types of angiotensin receptors, type 1 (AT1R) and type 2 (AT2R). The AT1Rs are located in the kidney, heart, brain, vascular smooth muscle cells, placenta, platelets, and fat cells, whereas the AT2Rs are important in fetal development, although their function is not well understood. 6, 7 In vitro studies have shown that agonism at both of the angiotensin receptor subtypes (AT1R and AT2R) is involved in the regulation of cellular proliferation, angiogenesis, and tumour progression. 6, [8] [9] [10] ARBs exert their clinical effect through ATR1 antagonism, and it is postulated that they may have anti-angiogenic properties, thereby suppressing tumour growth. 8 However, studies have shown that despite AT1R inhibition, tumour progression can still occur. 8 There is also evidence from animal models that unopposed AT2R stimulation (when AT1Rs are blocked by ARBs) can lead to tumour progression. 7 Although this has yet to be shown in humans, tumour progression caused by AT2R stimulation is the proposed mechanism for the increased incidence of cancer within ARB treatment groups in clinical trials. [7] [8] [9] ARBs are commonly prescribed inhibitors of the renin-angiotensin-aldosterone system and are the alternative to angiotensin-converting enzyme (ACE) inhibitors in cases of allergy or intolerance. 11 Indications for ARBs approved by Health Canada are hypertension, heart failure, diabetic nephropathy, and secondary prevention of cardiovascular events. 12 Generally, ARBs have no mortality benefit over placebo for these indications (Table 1) . More specifically, ARBs have no mortality benefit for hypertension, 13 nephropathy, 15 or secondary prevention of cardiovascular events. 16 A meta-analysis published in 2008 compared ARBs with ACE inhibitors or control in terms of mortality associated with heart failure and found no statistical difference. 17 However, a 17% reduction in hospital admissions, relative to placebo, was observed with the use of ARBs. 17, 18 The current review had 3 specific objectives: to elucidate the reasons for conflicting data on the outcome of cancer incidence between the 3 meta-analyses, to understand the impact of outcome reporting bias on meta-analysis of clinical trials, and to describe the role that health care regulators could play in minimizing the occurrence of reporting bias.
COMPARISON OF 3 META-ANALYSES
Sipahi and others 2 set out to determine the effect of ARBs on the occurrence of new cancers. The authors were independent clinicians from the Harrington-McLaughlin Heart and Vascular Institute in Cleveland, Ohio. They performed a systematic search of all publicly available data from ARB trials reporting on cancer outcomes available from MEDLINE, Scopus, the Cochrane Central Register of Controlled Trials, the Cochrane Database of Systematic Reviews, and the FDA. The search, completed in November 2009, yielded 9 trials fitting the inclusion criteria (RCTs with ARB use in at least one treatment group, follow-up for more than 12 months, and enrolment of at least 100 patients). Five of these 9 trials (accounting for 61 590 patients) reported on the incidence of cancer and were therefore included in the analysis of the primary outcome. Of these 5 trials, LIFE, TROPHY, and TRANSCEND had cancer as a prespecified end point, whereas ONTARGET and PROFESS reported cancer outcomes as a serious adverse event.
(For a list of the trials included in the meta-analyses and mentioned in the current review, see Appendix 1, available at www.cjhp-online.ca/index.php/cjhp/issue/view/89/showToc.) After pooling the data from these trials, Sipahi and others 2 found a statistically significant increase in the incidence of cancer among patients who had been treated with ARBs ( Figure 2 , top section). The ATC analysis also set out to determine the effect of ARBs on the occurrence of new cancers. 3 The authors were the primary investigators of industry-sponsored ARB trials. In their meta-analysis, the search strategy was not explicitly described; rather, the authors simply stated that previously unpublished patient-level data had been obtained from the authors of the ARB trials. The ATC obtained cancer outcome data from the 15 major ARB trials that had been completed as of August 2010: ACTIVE-I, CHARM, DIRECT, I-PRESERVE, IDNT, LIFE, NAVIGATOR, ONTARGET, PROFESS, SCOPE, TRANSCEND, TROPHY, Val-HeFT, VALIANT, and VALUE. Data from 134 914 (97.1%) of the patients in these trials were pooled for analysis. The missing 2.9% of patients were those with known cancer at baseline (reported in the ONTARGET, TRANSCEND, VALIANT, and CHARM trials) and those for whom cancer outcomes were unknown. 3 Ultimately, the ATC analysis showed no statistically significant difference in the incidence of cancer in the ARB treatment group ( Table 2) .
The objective of Bangalore and others 4 was to assess the association of antihypertensive drug classes with the risk of cancer. The authors had perceived or actual conflicts of interest with several pharmaceutical companies that manufactured ARBs. 4 Their search included PubMed, Embase, Cochrane Central Register of Controlled Trials, the grey literature, and the FDA database up to August 2010. They also searched the reference lists of included RCTs and review articles and contacted authors of RCTs for additional data as required. Their analysis included 14 RCTs, and they performed a meta-analysis of cancer risk using data for 99 775 patients. They found no significant increase in the risk of cancer in the ARB treatment group (Table 2 ). Comparison of the analyses by Sipahi and others 2 and by the ATC 3 reveals a striking difference in the raw numeric data for cancer outcomes from 5 trials that were included in both meta-analyses: LIFE, ONTARGET, PROFESS, TRAN-SCEND, and TROPHY. This difference was due to the exclusion from the ATC analysis 3 of patients with known cancer at baseline. However, excluding those patients carries the risk of introducing bias into the result, as the treatment groups may be unbalanced (an effect that occurs when patients are removed from an analysis after randomization). Sound methodology would dictate that all patients randomized to a treatment group should be included in the outcome analysis, with imputed outcomes for missing patient data being considered at the opposite extremes (i.e., all patients experienced the outcome or no patients experienced the outcome). This intention-to-treat principle of analysis is a type of sensitivity analysis that mitigates the risk of bias, whereby a researcher must explore whether the imputation of missing patient data causes a change in the measured effect. 19 However, despite the numeric differences in data for 5 of the trials included in these 2 meta-analyses, 2,3 the measured effect of ARBs on cancer did not differ. This lack of difference in effect is demonstrated both by a sensitivity analysis conducted by Sipahi and others, 2 whereby the meta-analysis was limited to patients without a history of cancer at baseline and all neoplasms reported in the CHARM trial were assumed to be malignant (OR 1.10, 95% CI 1.02-1.18), and by pooling data from the ATC meta-analysis 3 for the 5 overlapping trials with the data in the analysis of Sipahi and others 2 (OR 1.07, 95% CI 1.00-1.15) (Figure 3 ). It is evident that the conflicting results of these 2 meta-analyses 2, 3 were related to unpublished cancer outcome data from RCTs that were unique to the ATC analysis. 3 The meta-analysis by Sipahi and others 2 included all publicly available data up to November 2009. To minimize the impact of reporting bias, Sipahi and others 2 contacted the authors of individual RCTs to obtain unpublished data on cancer outcomes, if not provided in the published manuscript. Specifically, Sipahi and others 2 identified VALUE, VALIANT, Val-HeFT, and CHARM as large RCTs eligible for inclusion in their meta-analysis, but cancer incidence was not reported in the published reports of these RCTs. In correspondence with the authors of VALUE, the Sipahi team was told that cancer outcomes had not been recorded in that clinical trial (Ilke Sipahi, personal communication by email, September 2011). For VALIANT and Val-HeFT, only cancer-related mortality was reported in the final publications, and CHARM did not differentiate between benign and malignant neoplasms when reporting outcomes. [1] [2] [3] Therefore, none of these trials were included in the primary outcome of the meta-analysis by Sipahi and others. 2 However, for the ATC analysis, 3 the incidence of cancer for all of these trials (VALUE, VALIANT, Val-HeFT, and CHARM) was made available and was included in the pooled analysis. The pooling of cancer data from these 4 trials with data from the 5 trials analyzed by Sipahi and others 2 (LIFE, ONTARGET, PROFESS, TRANSCEND, and TROPHY) negates the measured effect: OR 1.00, 95% CI 0.95-1.06 (Figure 4) .
The meta-analyses of Sipahi and others 2 and Bangalore and others 4 had some similarities but also some differences. For new cancer occurrence, they analyzed the same outcome data for the trials they had in common. However, data from 9 RCTs in the study by Bangalore and others 4 were not included by Sipahi and others. 2 More specifically, 4 unpublished trials (ALPINE, HIJ-CREATE, IRMA-2, and KYOTO) were identified by Bangalore and others 4 but not by Sipahi and others. 2 Five additional trials (GISSI-AF, JIKEI, RENAAL, Suzuki et al., and VALUE) were published, but did not include cancer outcome data. Bangalore and others 4 contacted the authors of these trials to obtain additional data on cancer outcomes. It is not clear if the Sipahi team was unsuccessful in attempts to find these data. We contacted Sipahi (in June 2012) to determine the reason why these trials were not included in their analysis, but had not received a response by the time the current review was published (autumn 2012). Adding the 9 trials identified by Bangalore and others 4 to the 5 trials identified by Sipahi and others 2 negates the increased incidence of cancer in the ARB treatment group (OR 0.98, 95% CI 0.93-1.03).
The ATC analysis 3 included 7 RCTs that were not included by Bangalore and others. 4 Two of these trials, DIRECT and SCOPE, were identified by Bangalore and others, who tried to contact the authors of the original studies for additional data but received no response. Two other trials, I-PRESERVE and IDNT, published data only for cancer-related mortality, and their authors did not make data on cancer occurrence available to Bangalore and others. 4 One trial, Val-HeFT, was included only in the analysis of ACE inhibitor and ARB combination therapy by Bangalore and others. 4 The last 2 trials, ACTIVE-I and NAVIGATOR, were published beyond the search period used by Bangalore and others. 4 Conversely, Bangalore and others 4 included 7 RCTs that were not included in the ATC analysis. 3 The reasons for exclusion of these trials from the ATC analysis cannot be determined, as the detailed search methodology used by the ATC is not described in the published meta-analysis. 3 Bangalore and others 4 contacted the authors of RCTs from published ARB trials in cases where cancer data did not appear in the published reports. Additionally, Bangalore and others 4 hand-searched the FDA dockets. This hand-searching may have uncovered more cancer data than the search of the FDA database performed by Sipahi and others.
2 Regardless, Figure 2 shows that the additional RCTs included by both ATC 3 and Bangalore 4 negate the effect of ARBs on cancer occurrence relative to the original analysis by Sipahi and others.
2 Additionally, if one considers the trials included by Bangalore and others 4 but not by Sipahi and others 2 or the ATC, 3 there is no increase in the incidence of cancer in the ARB treatment group (Figure 2) .
There is one additional discrepancy between the analysis by Bangalore and others 4 and those of Sipahi and others 2 and the ATC. 3 For the ONTARGET study, Sipahi and others 2 and the ATC 3 combined data for telmisartan monotherapy and ACE inhibitor combination therapy for comparison with the placebo group, whereas Bangalore and others 4 compared the telmisartan group with the placebo group and then compared the telmisartan group with the combination of ACE inhibitor and telmisartan. This double-counting of data for patients who received telmisartan in the meta-analysis by Bangalore and others 4 is not an appropriate method for combining patient outcome data. Therefore, in Figure 2 , the data for ONTARGET are taken from the analysis by Sipahi and others.
2
DISCUSSION
The analysis presented above indicates that the differences in the results of the 3 meta-analyses for cancer incidence in relation to ARB therapy [1] [2] [3] were due to technical differences in search strategies and outcome reporting bias. This review focuses on the issue of outcome reporting bias, a problem that occurs when outcomes measured in a clinical trial are not published, in some form, upon completion of the trial. 19, 20 The existence of outcome reporting bias prevents us from simply classifying clinical trials as published or unpublished; because of this bias, various degrees of publication exist. Authors and clinicians are at risk of drawing spurious conclusions if they include only published outcomes in their own subsequent analyses. 21 To put the prevalence of outcome reporting bias into context, one comparison of trial publications with their respective study protocols showed that, of the outcomes listed in the study protocol, only 50% had been reported in the final publication. 21 A recent example of outcome reporting bias masked the apparent risk of rosiglitazone in relation to the incidence of myocardial infarction, leading to continued use of a harmful medication. GlaxoSmithKline completed a meta-analysis of 42 trials in 2005, which included previously unpublished trials and unreported cardiovascular outcomes from published trials. 22 The meta-analysis demonstrated a 31% relative increase in myocardial infarction in the rosiglitazone treatment group. 22 The results of this meta-analysis were not published by the drug company. Only after a lawsuit by the New York Attorney General did GlaxoSmithKline agree (in a settlement) to establish a "clinical trial registry" that would present the outcomes from all clinical trials in the public domain. Shortly thereafter, in 2007, an independent meta-analysis by Nissen and Wolski, 23 which included the additional trial data from the registry, confirmed the 30% relative increase in the incidence of myocardial infarction in the rosiglitazone treatment group. This effect was replicated in 2 subsequent independent metaanalyses and an FDA review. 22 Despite the availability of data for 134 000 patients, outcome reporting bias in ARB trials has made it very difficult to determine the true effect of ARBs on the incidence of cancer.
analysis, 3 the published manuscripts for 10 RCTs did not report on the incidence of cancer. Sipahi and others 2 not only searched public databases but also contacted the primary authors of the VALUE trial to gather cancer outcomes in the ARB treatment group, in an effort to avoid reporting bias in their metaanalysis (Ilke Sipahi, personal communication, September 2011). The authors of VALUE did not provide the requested data to the Sipahi team but did provide the requested data for the ATC meta-analysis, 3 in which they participated. Once these data were included in the analysis, the effect of ARB on risk of cancer was negated. 3 The outcome data used in the ATC analysis are privately owned and not available upon request. They exist in the public domain only as partially verifiable data within the ATC analysis 3 that serve to negate the negative effects demonstrated by Sipahi and others.
2 However, they ought to exist as raw patient-level data available for independent analysis, so that the true effect of ARBs on the incidence of cancer can be verified by independent analysis.
Bangalore and others 4 completed their analysis after Sipahi and others 3 and before publication of the ATC analysis. 3 By contacting the authors of certain RCTs who were involved in the ATC analysis, the Bangalore team was able to obtain unpublished outcome data for some but not all of the RCTs included in the ATC analysis. This may have been due to the timing of their request for additional data, as the ATC analysis was under way, and perhaps the outcome data included in the latter analysis were more readily available to be shared. Regardless, despite contacting authors directly, Bangalore and others 4 were unsuccessful in obtaining outcome data for all of the clinical trials that were included in the ATC analysis. 3 The subsequent FDA analysis 5 included more trials, with cancer outcome data from just under 156 000 patients. It confirmed the finding of no difference in cancer incidence between the ARB treatment group and the control group. Despite a freedom-of-information request submitted to the FDA, the patient-level data included in the analysis are not accessible in the public domain (FDA Division of Drug Information, communication by email, September 2011). The FDA is an independent health care regulatory organization representing an impartial source of drug information, and clinicians inherently trust the agency's reports. However, it is disconcerting that the FDA does not openly share data within the public domain in a form that would facilitate independent analysis. This review has exemplified the perils of outcome reporting bias and how it erodes the utility of meta-analysis as a tool for scientific inquiry. 24, 25 Meta-analysis, which involves pooling data from a collection of clinical trials, allows appreciation of small, yet significant, differences between interventions that would otherwise be overlooked. 26 In the presence of outcome reporting bias, the analysis of data available in the public domain may not be representative of the true effect of an intervention on a particular outcome. 26 Without public access to all outcome data collected during clinical trials, independent review and verification of clinical outcomes are impossible. There is potential for health care regulators, such as Health Canada and the FDA, to play a role in preserving the value of the systematic review and meta-analysis process by mandating that all outcome data collected in clinical trials performed on human subjects be published, in some form, within the public domain. If this measure were taken, outcome reporting bias would be eliminated.
CONCLUSIONS
Among clinicians, the prevalence of outcome reporting bias is largely underappreciated, and health care regulators currently have no mechanism in place to mitigate the possibility of outcome reporting bias. When independent researchers complete a seemingly comprehensive review of a clinical question, the possibility of outcome reporting bias means that they may not have access to all of the patient-level data that have been collected during clinical trials. For front-line clinicians, it is prudent to consider the possibility of outcome reporting bias when interpreting the results of systematic reviews and meta-analyses. The 3 meta-analyses considered here [2] [3] [4] asked comparable clinical questions and undertook similar search strategies but identified different sets of RCT outcome data for inclusion in their respective analyses. To discern the subtle reasons for the different subsets of data included in each analysis takes much more time and energy than most clinicians are able to expend.
This case study serves as a pointed example of how outcome reporting bias can affect the results of a meta-analysis. Despite our own requests for patient-level data from the ATC and the FDA, we, as a group of independent researchers, were unable to obtain these data. Ultimately, it should be the responsibility of health care regulators to eliminate outcome reporting bias in RCTs by mandating the publication of all patient-level data collected in clinical trials. Until that time, researchers and clinicians who are interpreting the results of systematic reviews and meta-analyses should consider the potential of outcome reporting bias and how it might affect the outcome of the analysis.
